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The inclusive cross sections times leptonic branching ratios Worand Z boson produc-
tion in pp collisions at./s = 1.8 TeV were measured using the DO detector at the Fermi-
lab Tevatron collider.ocy B(W — ev) = 2.36 = 0.07 = 0.13 nb, oy B(W — uv) = 2.09 = 0.23 *
0.11 nb, 0zB(Z — e*e~) = 0.218 * 0.011 * 0.012 nb, andozB(Z — u*u~) = 0.178 = 0.030 *
0.009 nb. The first error is the combined statistical and systematic uncertainty, and the second
reflects the uncertainty in the luminosity. For the combined electron and muon analyses we find
owBW — Iv)/ozB(Z — [717) = 10.90 = 0.49. Assuming standard model couplings, this result is
used to determine the width of tH& boson,I'(W) = 2.044 + 0.093 GeV.

PACS numbers: 13.85.Qk, 13.38.-b, 14.70.Fm, 14.70.Hp

The measurement of the production cross sections timeand a comparison o¥ and Z boson production with
leptonic branching ratioso(B) for W and Z bosons QCD predictions. The total width of th& boson is
allows a determination of the width of th& boson known to a precision 00.3% [1], which places strong
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constraints on the existence of new particles produced iboson events we required one “tight” electron, while Zor
neutral weak decays. Our knowledge of the total widthboson events we required one electron to be tight and the
of the W boson is an order of magnitude less precisepther to be either tight or “loose.” Figures 1(a) and 1(c)
and the corresponding limits on charged weak decays ahow the observed transverse mass and invariant mass dis-
much less stringent. It is therefore important to improvetributions forW — ev andZ — e* e~ candidates passing

the measurement of th# boson width as a means of these cuts. Forthg — e ¢~ analysis we used the events

searching for unexpectédf boson decay modes. in the invariant mass rang&—105 GeV/c?.
We determine the leptonic branching ratio of tié The kinematic and geometric acceptances (shown in
boson,B(W — [v), from the ratio of the measuré® and  Table I) for theW — ev andZ — e¢" ¢~ channels were
Z bosono B values calculated with a Monte Carlo simulation using the
owB(W — [v) measured detector resolutions to smear generated four-
= e BZ =1l (1)  momenta. The calculation used the CTEQ2M [9] parton

distribution functions (PDF), and a NLO calculation [10]
wherel = ¢ or u, oy and oz are the inclusive cross of the W boson transverse momentum. The systematic er-
sections forW andZ boson production irp p collisions,  ror in the acceptance includes contributions from the un-
and B(Z — 1l) is the leptonic branching ratio of th& certainty in the PDF (the spread among CTEQ2 [9], MRS
boson. We extractB(W — [v) from the above ratio [11], and GRV [12] PDF), from the uncertainty in theé
using a theoretical calculation eofy /o and the precise boson mass [13], and from systematic uncertainties asso-
measurement aB(Z — () from LEP. We then combine ciated with modeling the detector response. The trigger
B(W — [v) with a theoretical calculation of th& boson and selection efficiencies (Table |) were determined using
leptonic partial width['(W — [v), to obtain theWw boson Z — e*e™ events, where one of the electrons satisfied
total width,I'(W). Previous measurementslofW) have tight trigger and selection criteria and the second electron
been published by UA1 [2], UA2 [3], and CDF [4,5]. provided an unbiased sample to measure the efficiencies.

In this Letter, we report a new measurementacaB  The trigger efficiencies were found to b&95%.
and determination of (W) using data collected with the ~ Muons were detected as tracks in three layers of pro-
DO detector [6] in 1992—93 at the Fermilab Tevatronportional drift tube (PDT) chambers outside the calorime-
pp collider at\/s = 1.8 TeV. The four decay channels ter. One layer of PDT chambers had four planes and was
included in this analysis ar8V — ev,uv and Z —  located inside an iron toroid magnet. The other two lay-
ete , ut . ers, each with three planes, were located outside of the

Electrons were detected in hermetic, uranium liquid-iron. The muon momentum resolution in this analysis was
argon calorimeters [7,8], with an energy resolution ofc(1/p) = 0.18(p — 2)/p? & 0.008 (with p in GeV/c).
aboutl15%//E(GeV). The calorimeters have a transverseA muon track was required to match a charged track in
granularity of An X A¢ = 0.1 X 0.1, where n is the the central drift chamber system. We accepted muons that
pseudorapidity ang is the azimuthal angle. passed through the central iron toroje | < 1.0).

FortheW — ev andZ — e" e~ analyses we accepted Both theW — uv andZ — u* u~ analyses used the
electrons with|ny| < 1.1 or 1.5 < |y| < 2.5. Both the same trigger, which required a single muon with trans-
W and Z boson analyses used the same trigger whiclverse momentum f7) greater thanl5 GeV/c. Cosmic
required a single electron with transverse enerffy)( ray background was reduced by rejecting muons that also
greater than 20 GeV. Kinematic selections were made _

in the off-line analysis requiring thaf boson candidates "L 800F @ W — ev “;2007 (B)W — v
have two electrons, each withy > 25 GeV, and thatv & 600F g o
boson candidates have one electron with > 25 GeV € 400k £ 100}
and missing transverse enerdi; greater than 25 GeV. 2 200k 2 50

The off-line electron identification requirements con- 2 o ’ £ e
sisted of three criteria for a “loose” electron: (i) the electron 40 60 o V/SQ 100 20 G V1/42° 200
had to deposit at least 95% of its energy in the 21 radiation 200 (C)Zf;f Vi) Q 1sF il id)cZ)—>
lengths electromagnetic calorimeter, (i) the transverse and > ;5o E H
longitudinal shower shapes had to be consistent with those 8 100k s 101
expected for an electron (based on test beam measure-;; _ | S
ments), and (iii) the electron had to be isolated witk g % 5
0.1. The isolation variable is defined &s= [E(0.4) — MmO 80 9 100 1108 30 80 140 200
Erm(0.2)]/Egm(0.2), whereE,,(0.4) is the total calorime- M,, (GeV/c) M,, (GeV/ch)

ter energy inside a cone of radiysAn? + A¢? = 0.4

; ; Qi IG. 1. Transverse mass and invariant mass distributions for
and Egm(0.2) IS“the ?Iectromagnetlc energy IDSIde a COI’“;%:he indicated channels. The points are the data. The shaded
of 0.2. For a “tight” electron we also required a good

. A areas represent the estimated backgrounds, and the solid lines
match between a reconstructed track in the drift chambedorrespond to the sums of the expected signals (from Monte

system and the shower position in the calorimeter. Wor Carlo) and the estimated backgrounds.
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TABLE I. Production cross section times leptonic branching ratiooandZ bosons.

Channel W —ev Z—ete” W — uv Z— utu”
Nobs 10338 775 1665 77
Backgrounds(%):
Z — ee, WU, TT 0.6+ 0.1 7.3t 0.5 0.7+ 0.2
W — v 1.8+ 0.1 59+ 0.5
Multijet 3.3+05 28+ 1.4 51+ 0.8 2.6+0.8
Cosmic/random 3.8+ 1.6 5.1+ 3.6
Drell-Yan 1.2+ 0.1 1.7+ 0.3
Total background(%) 5% 05 40+ 1.4 221+ 1.9 10.1+ 3.7
Acceptance(%) 46.6- 0.6 36.3+ 0.4 24.8+ 0.7 6.5+ 04
Etrig Ese1 (%) 704+ 1.7 73.6+ 2.4 21.9+ 2.6 52.7+ 4.9
[ Ldt (pb™!) 128+ 0.7 12.8+ 0.7 11.4+ 0.6 11.4+ 0.6
oB (nb) 2.36 0.218 2.09 0.178

+(stat), (syst), (lum) = 0.02= 0.07* 0.13 = 0.008+ 0.008+ 0.012 = 0.06* 0.22= 0.11 = 0.22+ 0.021+ 0.009

had hits or tracks within 10in # and 20 in ¢ in the or wrv) were obtained from Monte Carlo simulations.
muon chambers on the opposite side of the interactiohe multijet background estimate for thé — er sam-
point. Trigger efficiencies were measured using theple was derived from the data by measuring the tail of
subsample of events with highy muons that satisfied the F; distribution for nonisolated electrons and nor-
jet or E7 triggers, and also using the second muon inmalizing this at smallf; to the £y spectrum for iso-
Z — utu” events. The trigger efficiency was about lated electrons. The multijet background in tile— uv
40% (70%) for W (Z) boson events. Kinematic cuts and Z — u*u~ samples was estimated by comparing
were made requiring muopr > 20 GeV/c and fr >  the distribution of energy in the calorimeter between the
20 GeV for W boson events, angr > 15, 20 GeV/c  cones of radii of 0.2 and 0.6 around the muons with that
for the two muons irZ boson events. measured for events containing a nonisolated muon and
A loose muon was required to deposit sufficient energyets. The multijet background in the — e¢" ¢~ sample
in the calorimeter to be consistent with the passage af due to jet-jet or photon-jet events, where the jets fake
a minimum ionizing particle and to traverse a minimuman electron in the detector. The amount of this back-
field integral of 2.0 Tm. This latter requirement restrictsground was estimated by fitting the invariant mass spec-
the muon analysis to a region of the detector withtrum of theZ — e¢*e~ events to the sum of the predicted
=13 interaction lengths of material, so that hadronicZ boson mass distribution and the experimentally deter-
punchthrough is negligible. A tight muon had five mined multijet background shape. The invariant mass
additional requirements: (i) a stringent track match withdistributions for the jet-jet and photon-jet events were
a track in the central detector, (i) a good quality globalmeasured separately and then combined to obtain the
fit with the vertex and a central detector track, (iii) a overall multijet background shape. The cosmic ray and
muon time of origin within 100 ns of the beam crossing,random hit backgrounds t&/ — uv and Z — u*u~
(iv) energy in the calorimeter consistent with single muonwere estimated from the distributions of muon time of
ionization within a cone of radiugAn? + A¢2 = 0.2  origin relative to beam crossing.
and with less than 6 GeV of additional energy in a cone The luminosity (Table I) was calculated by measur-
of 0.6, and (v) a good muon impact parameter. ing the rate forp p nondiffractive inelastic collisions us-
For Z boson events, we required at least one muon ting two hodoscopes of scintillation counters [6] mounted
be tight and the other to be either tight or loose. Bor close to the beam on the front surfaces of the end
boson events, we required at least one tight muon (&fter calorimeters. The normalization for the luminosity mea-
boson candidates were removed). Figures 1(b) and 1(cdurement and th&4% systematic error in the luminosity,
show the observed transverse mass and invariant mass dighich has been estimated from the uncertainty in jlge
tributions forW — uv andZ — u* u~ candidates pass- inelastic cross section and uncertainties in the acceptance
ing our criteria. The kinematic and geometric acceptanceand efficiency of the counters, are described in Ref. [14].
(Table 1) were calculated with a full detector Monte Carlo We calculatedr B by subtracting the background from
simulation. The selection efficiencies (Table 1) were dethe number of observed event¥,(s) and dividing the
termined withZ — u* u~ events using the same method result by the acceptance, efficiency, and luminosity. The
that was used for electrons. results obtained are shown in Table | and are plotted in
The background estimates (Table 1) duezte— e*e™ Fig. 2, together with the CDF results [15,16] and the
or Z— pu~ (where one of the electrons or muons theoretical® (a?) QCD prediction [17,18] ofry B(W —
was lost) andW — v or Z — 777~ (wherer — evrv  [v) = 2425013 nb andozB(Z — 1) = 0.226759% nb.
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